expressed at the sarcolemma and upon reinnervation it is again repressed. N-CAM .therefore appears to be a good correlate to innervation status of the myofibre.
In addition, anti-N-CAM appears to block the initial stages of recognition between spinal cord neurites and myotubes in vitro,2 also indicating a possible role in nerve-muscle interactions.
We have recently examined a series of muscle biopsy specimens from adult patients with chronic denervating diseases, and in these no N-CAM reactivity was found associated with atrophic fibres. shows that all fibres express N-CAM to some degree, and the more atrophied fibres have a higher level of N-CAM expression. Fibre typing analysis showed that the normal sized fibres were type 1, while the smaller fibres were type I or II.
The figure (c, d) 
Cell adhesion molecule N-CAM reactivity in spinal muscular atrophies of an adjacent motor neuron. All of the biopsies tested in the present study showed denervated fibres and these were positive for N-CAM reactivity, suggesting that N-CAM expression is a general response to denervation in these patients.
Discussion
Experimental denervation of skeletal muscle causes a number of structural and functional changes to occur. At the sarcolemma there is a reexpression of a variety of molecules, such as the nicotine acetylcholine receptor,'1 apamin binding sites'2 and N-tAM. [4] [5] [6] We have studied N-CAM expression in 11 juvenile spinal muscular atrophy biopsies. The two cases illustrated in the figure are typical of the results found. All fibres in the Werdnig-Hoffmann biopsies are positive for N-CAM expression. Thus fibres which are of normal size are positive as well as atrophic fibres. In contrast, the older patients with Kugelberg-Welander disease present a different picture. Here only the small atrophic fibres are positive, while the large hypertrophic fibres are negative for N-CAM. These data suggest that there are differences in N-CAM expression in these two diseases that may possibly reflect a different pathogenesis. In the Werdnig-Hoffmann patients the atrophic fibres are clearly denervated, but it is not possible to state categorically whether they were innervated and were then denervated or whether they were never innervated. The observation that the normal sized fibres are also positive for N-CAM may suggest that these fibres have an unstable innervation, and these may with time become atrophic. If this is the case, then it may be more likely that the atrophic fibres were once innervated, but in an unstable manner. The mixed fibre types of the small fibres adds weight to the proposal that they were once innervated. This model would predict that there is an ongoing process of denervation in these patients, and that with time, all fibres would become denervated. The factors cont lling this lack of stability of innervation are unlnown at present. The KugelbergWelander patients behave in a different manner with respect to N-CAM expression. Here there are two populations of myofibres. The innervated hypertrophic fibres are N-CAM negative, while the atrophic fibres are N-CAM positive. It is clear in these patients that all myofibres were innervated at some point and a large number of these have become denervated. The difference between these patients and the Werdnig-Hoffmann patients is that the large fibres are N-CAM negative. This shows that these fibres are fully innervated and can repress N-CAM expression in a similar manner to normal myofibres. If the innervation of these hypertrophic fibres is unstable, then it is clearly over a much longer timescale than in the Werdnig-Hoffmann patients. Whether the difference in N-CAM expression in these two sets of patients reflects a different pathogenetic mechanism is not known but merits further study.
The observation of N-CAM expression in denervated fibres ofjuvenile spinal muscular atrophy biopsies correlates in a general manner with in vivo animal denervation experiments4 -6 but contrasts with previous negative findings in adult denervated biopsies. However, this apparent anomaly may be due -to differences in duration or severity of denervation or simply shows that there is a different pathogenetic mechanism operating in these different groups of patients, and that comparison with animal models may not be appropriate in all cases. In addition, the re-expression of at least one of the nerve regulated membrane molecules, the nicotinic acetylcholine receptor, is for relatively short periods of time only. Thus six weeks after denervation of rats, Ringel et al3 could not find detectable levels of nicotinic receptors assessed by a-bungarotoxin immunohistochemistry. Whether there are other differences between childhood and adult samples from denervated muscle remains to be determined.
Fidzianska'4 has also pointed out a number of major differences in certain cell structures including the sarcolemma, at the light and electron microscope level in muscle biopsies from patients with WerdnigHoffmann disease and amyotrophic lateral sclerosis. However, it is not known whether the present data on N-CAM represents molecular correlates of these changes. An additional correlate of denervation in Werdnig-Hoffmann muscle is that there is no evidence of satellite cell activation'5 in contrast to experimental denervation studies.'6 As such, it is likely that the N-CAM that is found on the biopsy samples is synthesised by denervated fibres themselves, and that satellite cells do not contribute to the high levels found.
